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RING NETWORK AND METHOD FOR PATH INTERCHANGE THEREIN 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 



comprised of a plurality of transmission apparatuses 
(nodes) connected via a ring-shaped transmission line and 
switching from a state operating under a uni-directional 
path switched ring (UPSR) mode to a bi-directional line 
switched ring (BLSR) mode by interchanging paths and to a 
method for path interchange therein* 

2. Description of the Related Art 
[0002] As will be explained in more detail with 
reference to the drawings later, for switching from the 
UPSR mode to the BLSR mode in a ring network, it is known 
to provide a transmission apparatus with a switch for 
switching between a function unit conforming to the UPSR 
mode and a function unit conforming to the BLSR mode and 
operate the switch etc. or to replace a protection side 
function unit of the UPSR mode with a protection side 
function unit of the BLSR mode, operate the protection 
side as the working side, and, during the operation, 
replace the working side function unit. Since excess 
mechanisms have to be added or the function units have to 
be replaced and then reconnected, the amount of work 
becomes greater and the time required for switching 
becomes longer, 

[0003] Therefore, it may be considered to switch from 
the UPSR mode to the BLSR mode by a higher order 
operating system (Ops). In this case, however, an 
operator has to be present and change paths while 
determining the conditions of each path. The processing 
time therefore becomes extremely long. Further, it is not 
possible to deal with faults occurring in the process of 
path interchange processing. 
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[0004] An object of the present invention is to 
provide, in view of the above problems, a ring network 
and method for path interchange which can reduce the 
amount of processing, deal with the occurrence of faults, 
5 and lighten the load on an operator. 

[0005] To attain the above object, there is provided a 
ring network comprised of a plurality of transmission 
apparatuses each including a cross-connect function unit 
and a communication function unit for sending and 

10 receiving messages using overhead of an SDH frame and a 

master transmission apparatus to which a command is input 
for switching from a UPSR to BLSR mode including a path 
management database, a path decision unit, and an 
interchange decision unit. The master transmission 

15 apparatus to which the command has been input for 

collecting and storing path setting information of all of 
the transmission apparatuses in the path management 
database and sequentially performing processing for 
deciding on and deleting a long path and processing for 

20 interchanging a path on a protection channel to an idle 
work channel by sending and receiving messages. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] These and other objects and features of the 
present invention will become clearer from the following 

25 description of the preferred embodiments given with 
reference to the attached drawings, wherein: 

FIG. 1 is a view explaining an embodiment of the 
present invention; 

FIG. 2 is a view explaining a transmission apparatus 

30 of an embodiment of the present invention; 

FIG. 3 is a view explaining a path management 
database; 

FIG. 4 is a view explaining the relationship with 
path setting information; 
35 FIG. 5 is a flow chart of processing for collecting 

path setting information of an embodiment of the present 
invention; 
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FIGS. 6A and 6B are flow charts of processing for 
interchanging paths of an embodiment of the present 
invention; 

FIG. 7 is a flow chart of processing for 
5 interchanging a protection channel of an embodiment of 
the present invention; 

FIG, 8 is a flow chart of processing for 
interchanging a protection channel of an embodiment of 
the present invention; 
10 FIGS . 9A and 9B are views explaining messages; 

FIG* 10 is a view explaining execution of a BLSR 
update command; 

FIGS. 11A and 11B are views explaining a state of 
execution of a BLSR update command; 
15 FIGS. 12A and 12B are views explaining collection of 

path setting information? 

FIGS. 13A and 13B are views explaining a process of 
processing based on the path management database; 

FIGS. 14A, 14B, and 14C are views explaining a 
20 process of processing based on the path management 
database; 

FIG. 15 is a view explaining transmission of a path 
control request message; 

FIGS. 16A and 16B are views explaining transmission 
25 of an update completion message; 

FIG. 17 is a view explaining a ring network; and 

FIG. 18 is a flow chart of processing for 
interchanging paths of the related art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
30 [0007] Before describing the embodiments of the 

present invention, the related art and the disadvantages 
therein will be described with reference to the related 
figures . 

[0008] FIG. 17 is a view explaining a ring network. 
35 The ring network is comprised of a plurality of 

transmission apparatuses 101-1 to 101-4 connected in the 
form of a ring by a transmission line 102. Note that 



while the case of connecting four transmission 
apparatuses 101-1 to 101-4 is shown, generally a larger 
number of transmission apparatuses are connected ♦ 
Further, each of the transmission apparatuses 101-1 to 
5 101-4 has one or more lower order transmission 

apparatuses 103-1 to 1-3-n connected to it or has a lower 
order transmission line connected to it, 
[0009] The transmission line 102 is comprised of an 
optical fiber and transmits an optical signal by 
10 synchronous digital hierarchy (SDH). In such a ring 

network, there are the above-mentioned UPSR mode and BLSR 
mode as the operation mode. 

[0010] Under the UPSR mode, in FIG, 17, for example, 
between the transmission apparatuses 101-3 and 101-2, one 

15 of the West path in the right direction from the 

transmission apparatus 101-3 and the East path in the 
left direction is used as a working side and the other is 
used as a protection side for simultaneous transmission 
of the same data. Therefore, the receiving side 

20 transmission apparatus receives and processes data 

through the working side path. When a fault occurs in the 
working side path, the path is switched to the protection 
side path to receive and process the data. 
[0011] Further, under the BLSR mode, in FIG, 17, 

25 generally the path in the direction with the shortest 
transmission distance between the transmission 
apparatuses 101-3 and 101-2 is made the working side 
path. Therefore, that path is set between the 
transmission apparatuses 101-3 and 101-2 for mutual 

30 transmission of data. If a fault occurs in the working 
side path, the path is switched to one passing through 
the transmission apparatuses 101-1 and 101-4 
corresponding to the protection side path for the 
transmission of data. 

35 [0012] The UPSR mode in a ring network uses the paths 
of the two directions as the working path and protection 
path, so the efficiency of use of the transmission line 
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102 becomes 50 percent. As opposed to this, in the BLSR 
mode, the efficiency of usage of the transmission line 
102 becomes 50 percent in the same way as the UPSR mode 
when there are two transmission apparatuses, but the 
5 greater the number of transmission apparatuses, the 

greater the number of idle working channels between the 
transmission apparatuses, so the higher the efficiency of 
use of the transmission line 102. Therefore, various 
proposals have already been made for switching from the 

10 UPSR mode to the BLSR mode (for example, see Japanese 
Unexamined Patent Publication (Kokai) No. 7-212381, 
Japanese Unexamined Patent Publication (Kokai) No. 9- 
214438, and Japanese Unexamined Patent Publication 
(Kokai) No. 10-313332). 

15 [0013] Further, each transmission apparatus of the ring 
network operating under the UPSR mode holds its own path 
setting information. It does not know the path 
configurations of other transmission apparatuses. 
Therefore, when switching from the UPSR mode to the BLSR 

20 mode, the operator has to obtain a grasp of the path 
configurations of all transmission apparatuses in the 
ring by a higher order operating system (Ops), issue 
commands to all transmission apparatuses in the ring 
through the higher order operating system (Ops), and 

25 sequentially interchange all paths. 

[0014] FIG. 18 is a flow chart of the processing for 
interchanging paths in the related art. First, the path 
setting information of all of the transmission 
apparatuses (usually called "nodes") in the ring are read 

30 (El)* Next, which of the paths going East and going West 
are the long paths is determined (D2). 

[0015] Next, the long paths in the paths set under the 
UPSR mode are deleted from the path setting information 
(D3). For example, in FIG. 17, between the transmission 
35 apparatuses 101-3 and 101-2, since the transmission 

apparatus 101-4 side in the path setting information, 
that is, the East path, becomes the long path, that path 
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setting information is deleted. Next, it is decided 
whether all of the path setting information of the long 
paths in the ring have been deleted (D4). When the 
information has not finished being deleted, the routine 
5 proceeds to step D2 . When the information has finished 
being deleted, the routine proceeds to step D5. 
[0016] At step D5, it is decided if there is a path on 
the protection channel under the BLSR mode. That is, it 
is decided if there is a path set at the time of 

10 operation under the UPSR mode on the protection channel 
at the time of switching to the BLSR mode. When there is 
no such path, the routine ends, while when there is a 
path, an idle work channel for use for interchanging with 
the protection channel is determined (D6). The path 

15 present on the protection channel is interchanged with 

the idle work channel (D7), then the routine proceeds to 
step D5. This collection of path setting information for 
all transmission apparatuses and interchanging of paths 
are performed sequentially for each path in accordance 

20 with commands from a higher order operating system (Ops) 
by an operator. 

[0017] As explained earlier, for switching from the 
UPSR mode to the BLSR mode in a ring network, it is known 
to provide a transmission apparatus with a switch for 

25 switching between a function unit conforming to the UPSR 
mode and a function unit conforming to the BLSR mode and 
operate the switch etc. or to replace a protection side 
function unit of the UPSR mode with a protection side 
function unit of the BLSR mode, operate the protection 

30 side as the working side, and, during the operation, 
replace the working side function unit. Since excess 
mechanisms have to be added or the function units have to 
be replaced and then reconnected, the amount of work 
becomes greater and the time required for switching 

35 becomes longer. 

[0018] Therefore, as explained above, it may be 
considered to switch from the UPSR mode to the BLSR mode 
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by a higher order operating system (Ops). In this case, 
however, an operator has to be present and interchange 
paths while determining the conditions of each path. The 
processing time therefore becomes extremely long. 
5 Further, it is not possible to deal with faults occurring 
in the process of path interchange processing. 
[0019] Next, an explanation will be made of a ring 
network and method for path interchange of the present 
invention which can reduce the amount of processing, deal 
10 with the occurrence of faults, and lighten the load on an 
operator. 

[0020] As explained with reference to FIG . 1, the ring 
network of the present invention is comprised of a 
plurality of transmission apparatuses, that is, network 

15 elements NE1 to NE4 connected in a ring like form through 
a transmission line. Each of the plurality of 
transmission apparatuses NE1 to NE4 includes a cross- 
connect function unit and a communication function unit 
for mutually communicating messages using the overhead of 

20 a transmission frame transferred over the transmission 
line. At least a transmission apparatus serving as a 
master among the plurality of transmission apparatuses 
NE1 to NE4, for example, the transmission apparatus NE1, 
includes a path management database for collecting and 

25 storing path setting information of all of the 

transmission apparatuses, a path decision unit for 
determining a long path when switching from a UPSR mode 
to a BLSR mode, and an interchange decision unit for 
determining interchange of a path on a protection channel 

30 to an idle work channel and requesting path interchange. 
Further, the path decision unit of the transmission 
apparatus has a means for determining a long path to be 
deleted based on the path setting information stored in 
the path management database and sending a request for 

3 5 deletion of the path setting information by the result of 
the decision. Further, the interchange decision unit has 
a means for deciding whether to change a path set on a 



protection channel to an idle work channel based on the 
path setting information stored in the path management 
database and sending a request for interchange. 
[0021] The method of path interchange of the present 
invention is a method for changing from an operating 
state of the UPSR mode in a ring network comprised of a 
plurality of transmission apparatuses connected in the 
form of a ring by a transmission line to an operating 
state of a BLSR mode comprising a step of making one 
among the plurality of transmission apparatuses a master, 
inputting a command for updating from the UPSR mode to 
the BLSR mode to the master transmission apparatus and, 
in accordance with the command, having the master 
transmission apparatus collect path setting information 
of other transmission apparatuses and store it in a path 
management database, a step of deciding on a long path by 
referring to the path management database, deleting the 
path setting information of the long path, and updating 
the path management database and a step of deciding on a 
path on a protection channel referring to this path 
management database, changing the path to an idle work 
channel, and updating the path management database. 
[0022] Further, the master transmission apparatus 
sends BLSR update request messages to the other 
transmission apparatuses to make each transmission 
apparatus shift to a BLSR update request state, sends 
BLSR update execution messages to make each transmission 
apparatus shift to a BLSR update execution state, and 
sends path information request messages. Each of the 
other transmission apparatuses sends a path information 
response message including path setting information in 
reply to said path Information request message. The 
master transmission apparatus stores the received path 
setting information in the path management database, 
decides on a long path by referring to the path 
management database, sends a path control request message 
for deleting the path setting information of the long 



path, receives a response message in reply to the path 
control request message, and updates the path management 
database. The master transmission apparatus decides on a 
path on a protection channel by referring to the path 
management database, sends a path control request message 
for changing said path to an idle work channel, receives 
a response message in reply to said path control request 
message, updates said path management database, and makes 
the BLSR update execution state shift to an initial 
state. Further, the method further comprises sending the 
messages between the master transmission apparatus and 
the other transmission apparatuses using overhead of a 
transmission frame transferred over the transmission 
line. 

[0023] Preferred embodiments of the present invention 
will be described in detail below while referring to the 
attached figures. 

[0024] FIG. 1 is a view explaining an embodiment of 
the present invention. A ring network comprised of 
transmission apparatuses NE1 to NE4 connected in the form 
of a ring by a transmission line is used in a state 
operating under the UPSR mode to send "ADD path" data 
(ADD) from the transmission apparatus NE1 to the 
transmission apparatus NE2 along an East path and West 
path as shown by the broken line arrows. In this case, 
the transmission apparatuses NE3 and NE4 are set to "THRU 
path" (THRU), while the transmission apparatus NE2 is set 
to "DROP path" (DROP). Each of the transmission 
apparatuses NE1 to NE4 holds its own path setting 
information. 

[0025] When switching from the UPSR mode to the BLSR 
mode, for example, if the transmission apparatus NE1 is 
designated as the master apparatus, a command for 
switching from the UPSR mode to the BLSR mode is input to 
the transmission apparatus NE1. Due to this, the master 
transmission apparatus NE1 sends an inquiry message for 
collecting path setting information along the East path 
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optical/electrical conversion unit. Note that when the 
cross-connect unit 2 cross connects in the state of an 
optical signal, the optical/electrical conversion unit 
may be omitted. Further, the low speed interface unit 5 
5 connects to lower order transmission apparatuses or a 
lower order transmission line. 

[0029] The communication function unit 6 has the 
function of communicating with other transmission 
apparatuses using the overhead of an SDH frame. All of 

10 the transmission apparatuses of the ring network are 

provided with at least the above components. The master 
transmission apparatus however further includes a path 
management database (DB) 7, a path decision unit 8, and 
an interchange decision unit 9. The path management 

15 database 7 stores the path setting information of other 
transmission apparatuses collected by the master 
transmission apparatus using the response messages when 
switching from the UPSR mode to the BLSR mode. The path 
decision unit 8 has the functions of determining long 

20 paths when switching from the UPSR mode to the BLSR mode 
and requesting deletion of the path setting information 
of the long paths. The interchange decision unit 9 has 
the function of interchanging a path on a protection 
channel with an idle work channel when switching from the 

25 UPSR mode to the BLSR mode. 

[0030] FIG. 3 is a view explaining the path management 
database. It shows an example of path setting information 
corresponding to the transmission apparatuses NE1 to NE4 
(see FIG. 1) stored in the path management database 7 

30 (see FIG. 2) of the master transmission apparatus. The 

"From" column shows channels of the receiver side, while 
the "To" column shows channels of the sender side. For 
example, "L-lch" of the "From" column and "HE-lch" of the 
"To" column of the transmission apparatus NE1 indicate to 

35 send channel 1 (lch) of the lower order L as the higher 
order East path channel 1 (lch). The channel speed VC3 
indicates a 50 Mbps virtual container VC3 of the SDH. 
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and West path. 

[0026] As opposed to this, the transmission apparatus 
NE1 receives a response message from the DROP path 
transmission apparatus NE2 and response messages from the 
5 THRU path transmission apparatuses NE3 and NE4. The 

inquiry message and response messages in this case can be 
transmitted using the overhead of the SDH frame , for 
example, the Kl and K2 bytes* Each of the transmission 
apparatuses NE1 to NE4 has a termination processing 

10 function for overhead of the SDH frame, so it is possible 
to send and receive the various messages using this 
overhead. Therefore, it is possible to easily collect the 
path setting information of the other transmission 
apparatuses by the response messages, 

15 [0027] FIG. 2 is a view explaining the transmission 
apparatus of an embodiment of the present invention. 
Reference numeral 1 is a transmission apparatus, 2 is a 
cross-connect function unit, 3 and 4 are high speed 
interface units (IF), 5 is a low speed interface unit 

20 (IF), 6 is a communication function unit, 7 is a path 

management database (DB), 8 is a path decision unit, and 
9 is an interchange decision unit. 

[0028] The cross connect function unit- 2 includes a 
control function unit (not shown) for controlling the 

25 path settings in accordance with the path setting 

information. It holds the path setting information in a 
memory in the control function unit and updates the path 
setting information held in the memory by a path setting 
command from a maintenance console etc. The high speed 

30 interface units 3 and 4 accommodate a transmission path 
connecting the transmission apparatuses 1. In an SDH 
transmission system, generally the signal is transmitted 
as an optical signal, so a transmission line comprised of 
an optical fiber is used for connection. On the other 

35 hand, when the cross-connect function unit 2 is not 

configured for cross connection with the optical signal 
as it is, it is configured including an 



This corresponds a case where the lower order channel 1 
is added (ADD). Further, "HE-13ch" of the "From" column 
and "HW-l3ch" of the "To" column indicate to send the 
higher order East path channel 13 (13ch) to the higher 
order West path channel 13 (13ch). This shows the state 
of setting "THRU path". 

[0031] "HE-lch" of the "From" column and "L-lch" of 
the "To" column of the transmission apparatus NE2 
indicate to send the higher order East path channel 1 as 
the lower order channel 1 and indicate path setting 
information when dropping the lower order channel 1 (lch) 
multiplexed as a higher order from the transmission 
apparatus NE1. 

[0032] FIG. 4 shows the relationships in the ring 
network when storing path setting information collected 
from the transmission apparatuses in the path management 
database shown in FIG- 3 in the state operating under the 
UPSR mode, NE1 to NE4 correspond to transmission 
apparatuses, while Chi, Chl3, and Ch48 correspond to the 
channels 1, 13, and 48 of the path setting information. 
That is, channel 1 (lch) added at the transmission 
apparatus NE1 is sent along the East path and West path 
and dropped at the transmission apparatus NE2 • Further, 
channel 13 (13ch) added at the transmission apparatus NE2 
is dropped at the transmission apparatus NE4 • Further, 
channel 48 (48ch) added at the transmission apparatus NE4 
is dropped at the transmission apparatus NE3. This 
transmission apparatus NE3 sets "THRU path" for the 
higher order channel 1 (lch) and channel 13 (13ch). 
[0033] FIG. 5 is a flow chart of the processing for 
collecting path Setting information of an embodiment of 
the present invention. A transmission apparatus 
designated as the master by input of a command from an 
operator reads the apparatus's own path setting 
information (Al) and writes it into the path management 
database (A2), that is, writes the path setting 
information to the path management database 7. Next, the 



transmission apparatus sends path setting information 
request messages to the other transmission apparatuses 
NE2 to NE4 in the ring (A3). The other transmission 
apparatuses NE2 to NE4 send path setting information 
response messages in reply to the path setting 
information request messages. The master transmission 
apparatus. NE1 receives these (A4) and write them into the 
path management database (A5), that is, writes the 
collected path setting information in the path management 
database, 

[0034] Further, it decides if it has finished testing 
all transmission apparatuses (A6). That is, it decides if 
it has collected the path setting information of all of 
the transmission apparatuses NE1 to NE4 of the ring 
network, when it has not finished collecting the 
information, it proceeds to step A3. When it has finished 
collecting the information, it stores the path setting 
information of the transmission apparatuses NE1 to NE4 in 
the path management database 7 as shown for example in 
FIG. 3. The above messages are sent using the overhead of 
the transmission frame, that is, the SDH frame, of the 
transmission line by the communication function unit 6. 
[0035] FIGS. 6A and 6B are flow charts of the 
processing for path interchange of an embodiment of the 
present invention. First the path decision unit 8 
compares the numbers of THRU NEs, that is, the numbers of 
transmission apparatuses set to "THRU path", along the 
East paths and West paths with reference to the content 
of the path management database 7 (Bl). Further, it 
decides if the number of the East path side is smaller 
(B2), that is, if the number of transmission apparatuses 
set to "THRU path" at the East path side is smaller. 
[0036] When the numbers of the transmission 
apparatuses set to " THRU path" at the West path side and 
East path side are equal, it judges whether to give 
priority to the West path (B3). That is, it sets priority 
paths in advance when switching from the UPSR mode to the 
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BLSR mode. When giving priority to the West path, it 
proceeds to step B5, while when giving priority to the 
East path, it proceeds to step B4. 

[0037] When the number of transmission apparatuses at 
5 the East past side is smaller, it sends a deletion 

indication message to the West path DROP NEs (B4), that 
is, instructs deletion of the path setting information to 
the West path transmission apparatuses set to "DROP 
path". By this instruction, it transmits the results of 
10 decision of the path decision unit 8 to the communication 
function unit 6 from which deletion request messages for 
path setting information are sent using the overhead of 
the SDH frame. 

[0038] The path decision unit 8 decides whether there 

15 are any THRU NEs (B6). That is, it decides if there are 
any transmission apparatuses set to "THRU path"* when 
there are no such transmission apparatuses, it proceeds 
to step B10, while when there are such apparatuses, it 
sends release indication messages to the West path THRU 

2 0 NEs (B7), that is, sends deletion indication messages for 
the path setting information to the West path 
transmission apparatuses set to " THRU path" (B6). 
[0039] When the number of East path side transmission 
apparatuses is greater than the number of West path side 

25 transmission apparatuses at step B2, the unit sends 

deletion indication messages to the East path DROP NEs 
(B5), that is, instructs deletion of the path setting 
information to the East path transmission apparatuses set 
to "DROP path". Further, it decides if there are any THRU 

30 NEs (B8). That is, it decides if there are any 

transmission apparatuses set to "THRU path". When there 
are no apparatuses, it proceeds to step B10, while when 
there are apparatuses, it sends release indication 
messages to the East path THRU NEs (B9), that is, sends 

35 deletion indication messages of path setting information 
to the East path transmission apparatuses set to "THRU 
path", and proceeds to step B8. 
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[0040] At step BIO, the unit releases its own ADD 
path. That is, it deletes the ADD path setting 
information. Further, it decides if this has been 
completed for all paths (Bll). When it has not been 
5 finished, it proceeds to step Bl, while when it has been 
finished, it ends the processing for deletion in the path 
interchange processing step. 

[0041] FIG. 7 and FIG. 8 are flow charts of the 
processing for interchanging a protection channel of this 

10 embodiment of the present invention. It shows the example 
of using a lower order of 50 Mbps (corresponding to SDH 
virtual container VC3 or SONET OC-1) as a unit channel 
for the higher order of 2.4 Gbps (corresponding to SDH 
STM-16 or SONET OC-48). First, the interchange decision 

15 unit 9 refers to the path management database 7 to 

confirm the channel no. of the path (CI) and decides if 
the value is larger than 24 (C2). That is, since 48 
channels worth of paths can be set, it decides the 
channel no. for half of that, that is, 24 channels. If 24 

20 or less, it proceeds to step C12. If larger than 24, it 
searches for an idle work channel (C3) and sends a DROP 
indication message of the idle channel to the 
transmission apparatus set to drop of the previous path 
using the overhead of the SDH frame by the function of 

25 the communication function unit 6 in the same way as the 
sending of the previous messages (C4). 
[0042] Further, it decides if there is any THRU NE , 
that is, if there is a transmission apparatus set to 
"THRU path" (C5). When there is none, it proceeds to step 

30 C7, while when there is one, it sends a THRU message of 
the idle channel to the transmission apparatus set to 
" THRU path" of the previous path (C6) and proceeds to 
step C5. At step C7, it bridges the idle channel to the 
previous path of the transmission apparatus and sends a 

35 release indication message to the transmission apparatus 
set to drop of the original path (C8). 

[0043] Further, it decides if there is a transmission 
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apparatus set to "THRU path" (C9). If there is none, it 
proceeds to step Cll, while if there is one, it sends a 
deletion indication message to the transmission apparatus 
set to "THRU path" of the previous path (CIO) and 
5 proceeds to step C9. Further, at step Cll, it deletes its 
own previous path and decides if it has finished 
processing for all paths (C12). When not finishing it, it 
proceeds to step CI. 

[0044] In the process of switching from the operating 
10 state of the UPSR mode of the ring network to the 
operating state of the BLSR mode, the transmission 
apparatus changes the states among the initial IDLE 
state, the BLSR update request state and the BLSR update 
execution state* The BLSR update request state is the 
15 state where the transmission apparatus is input with a 
BLSR update command by an operator or where the 
transmission apparatus receives a BLSR update command by 
transferring it from an adjoining transmission apparatus, 
which state is the state where whether a BLSR update can 
2 0 be executed is checked. The BLSR update execution state 

is the state where processing for collecting path setting 
information, deleting the long paths, and interchanging a 
protection channel and work channel are performed. In a 
state other than the IDLE state, setting of a path to a 

2 5 transmission apparatus by a command from the outside is 

prohibited, 

[0045] FIGS. 9 A and 9B are views explaining messages. 
FIG. 9A shows the message formats, while FIG. 9B shows 
the message types. As the message members shown in FIG. 

3 0 9A, there are the message type showing the classification 

of the messages, the sending node ID showing the ID of 
the NE (transmission apparatus) sending the message, the 
receiving node ID showing the ID of the destination NE 
(transmission apparatus) of the message, and the message 
35 data different in content depending on the message type. 

[0046] The message type and message data shown in FIG. 
9A are related as shown in FIG. 9B. As the message type, 



there are a BLSR update request, BLSR update execution, 
blsr update completion, response, path information 
request, path information response, and path control 
request . Further, when the message data corresponding to 
the message type is for example a BLSR update request, 
the node ID is added as a message data, while when it is 
a response, OK or NG (no good) is added as message data. 
[0047] FIG. 10 shows the case of input of a BLSR 
update command from an operator or higher order operating 
system (Ops) to the transmission apparatus NE1 among the 
transmission apparatuses NE1 to NE4 of the ring network 
operating under the UPSR mode. The transmission 
apparatuses NE1 to NE4 are given the ID1 to ID4 as node 
IDs. The transmission apparatus NE1 makes the message 
type the BLSR update request and sends the BLSR update 
request message with the sending node ID of ID1 and the 
receiving node ID of ID2 using the overhead of the SDH 
frame by the communication function unit 6. 
[0048] The transmission apparatus NE2 receives the 
BLSR update request message in accordance with the 
receiving node ID of ID2 and sends the BLSR update 
request message having the receiving node ID + 1 (= ID3). 
The transmission apparatus NE3 receives the BLSR update 
request message in accordance with the receiving node ID 
of ID3 and sends a BLSR update request message having the 
receiving node ID + 1 (= ID4). The transmission apparatus 
NE4 receives the BLSR update request message in 
accordance with the receiving node ID = ID4 and sends a 
BLSR update request message having the receiving node ID 
+ 1 (= IDS). The transmission apparatus NE1 receiving the 
BLSR update request message having the receiving node ID 
of IDS can confirm that the BLSR update request message 
has been transmitted to all transmission apparatuses of 
the ring network since the NE1 has an ID1 and the 
receiving node ID is IDS and IDKID5. 

[0049] Each of the transmission apparatuses NE1 to NE4 
receiving the BLSR update request message shifts from an 



initial idle state where it operates under the UPSR mode 
and a BLSR update is not requested to the state of a BLSR 
update request, as shown by IDLE -» BLSR UPDATE REQUEST 
in FIG. 10. 

[0050] Next, as shown in FIG. 11A, the transmission 
apparatus NE1 sends BLSR update execution messages to the 
transmission apparatuses NE2 to NE4 • At this time, 
M Send:lDl" indicates the sending node ID, while 
"Receive :ID2 to ID4" indicates the receiving node IDs. 
That is, the master transmission apparatus NE1 designates 
the other transmission apparatuses NE2 to NE4 by the 
receiving node IDs and sends the BLSR update execution 
messages having the ID of the transmission apparatus NE1 
as the sending node ID. Due to this, the transmission 
apparatuses shift from the state of the BLSR update 
request to the state of BLSR update execution. 
[0051] The transmission apparatuses NE2 to NE4 
receiving the BLSR update execution messages, as shown in 
FIG. 11B, send response messages having their own IDs 
added as sending node IDs to the master transmission 
apparatus NE1. 

[0052] Next, as shown in FIG. 12A, the master 
transmission apparatus NE1 sends path information request 
messages designating the transmission apparatuses NE2 to 
NE4. The transmission apparatuses NE2 to NE4 receiving 
the path information request messages, as shown in FIG. 
12B, add their own IDs and send path setting information 
indicated as the path setting data (From/To, channel 
speed) by path information response messages to the 
master transmission apparatus NE1. The transmission 
apparatus NE1 stores the collected path setting 
information in the path management database (DB). Due to 
this, for example, it is possible to construct the path 
management database shown in FIG. 3. 

[0053] FIGS. 13A and 13B and FIGS. 14A to 14C show the 
contents of the path management database in the process 
of shifting to the state of execution of the BLSR update 
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and path interchange by the sequence of <1> to <5>. <1> 
of the path management database is the same as the 
content shown in FIG. 3 and shows the path setting 
information during operation under the UPSR mode 
5 collected by the path information response messages in 

the operation of step A4 of the flow chart of FIG, 5 and 
FIG. 12B. 

[0054] Further, the long paths are detected and 
deleted in accordance with the steps shown in FIGS. 6A 

10 and 6B. That is, the path decision unit 8 searches 

through the transmission apparatuses NE1 to NE4 in that 
order. When detecting a path being added, it decides on 
which of the East path or West path is the long path. For 
example, the transmission apparatus NE1 adds the lower 

15 order channel 1 (lch). The path becomes NE1 -» NE2 (DROP) 
in the East direction and NE1 -» NE4 -» NE3 -» NE2 in the 
West direction. Therefore, the West path becomes the long 
path. Therefore, in the path management database, the 
path setting information, which is displayed in boxes 

2 0 with leftward hatchings, in <2> of FIG. 13B forms the 

long path. 

[0055] Therefore, the transmission apparatus NE1 sends 
the long path deletion request by a path control request 
message. In FIG. 15, the transmission apparatus NE1 sends 
25 the transmission apparatus NE3 a path control request 

message having a sending node ID of ID1 and a receiving 
node ID of ID3 for deletion of HE-lch -> HW-lch VC3 . Due 
to this, the transmission apparatus NE3 executes the path 
control and sends a response message having the sending 

3 0 node ID = ID3 and the receiving node ID = ID1. 

[0056] Specifically, the paths are deleted in order 
from the transmission apparatus at the drop side. Showing 
this as a relation of From -» To of the path setting 
information, for <1> of FIG. 13A, the HE-lch -> L-lch of 
35 the transmission apparatus NE2 is deleted, then the HE- 
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lch -* HW-lch of the transmission apparatus NE3 is 
deleted, the HE-lch HW-lch of the transmission 
apparatus NE4 is deleted, and the L-lch -» HW-lch of the 
transmission apparatus NE1 is deleted. That is, the path 
5 setting information displayed in boxes with leftward 
hatchings white in <2> of FIG. 13B is deleted. 
[0057] The state with the long paths deleted are shown 
as <3> of FIG. 14A. Next, the long paths are again 
determined. In this case, looking at the lower order L- 

10 13ch added from the transmission apparatus NE2, the East 
path becomes NE2 (ADD ) -* NE3 -* NE4 (DROP), while the 
West path becomes NE2 (ADD) -» NE1 -* NE4 (DROP). The 
numbers of transmission apparatuses are the same, A 
priority order is set in advance in the above way for 

15 when the number of transmission apparatuses of the East 
path and the number of transmission apparatuses of the 
West path are the same in this way. For example, when the 
East path is given priority, in the West path, the HE- 
13ch -» L-13ch of the transmission apparatus NE4 is 

20 deleted, then the HE-13ch -* HW-13ch of the transmission 
apparatus NE1 is deleted, then the HE-13ch -*> HW-13ch of 
the transmission apparatus NE2 is deleted. That is, the 
path setting information displayed in boxes with leftward 
hatchings in <3> of FIG. 14A is deleted. 

25 [0058] Next, the processing for protection channel 

interchange is started. That is, the interchange decision 
unit 9 searches through the path management database 7 in 
the order of the transmission apparatuses NE1 to NE4. 
When detecting a path being added, it decides if the path 

30 is set on the protection channels (25ch to 48ch) . When 

set, it searches for idle work channels (lch to 24ch) for 
interchange. 

[0059] It then deletes the path setting information 
displayed in boxes with leftward hatchings in <3> of FIG. 
35 14A, updates the path management database, and decides if 
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the state set on the protection channel remains based on 
the path setting information. For example, the channel 48 
(48ch) of the transmission apparatuses NE4 -* NE3 is 
present on the protection channel. Therefore, the unit 
5 searches through the idle work channels ( lch to 24ch) 
between the transmission apparatuses NE3 and NE4 in 
ascending order of the channels. In this case r since the 
channel 1 (lch) is not being used, it interchanges 48ch 
-* lch. Therefore, the transmission apparatus NE1 sends 
10 the path control request message and requests bridging to 
HW-lch. 

[0060] Due to this, the transmission apparatus NE4 
bridges L-48ch -* HW-lch. Next, it sends the transmission 
apparatus NE3 a request for switching from HE-48ch to HE- 
15 lch. The transmission apparatus NE3 switches HE-48ch -* 
L-48ch to HE-lch -* L-48ch. Further, it deletes the path 
setting information which became unnecessary last. 
Further, since there is a path remaining on the 
protection channel between the transmission apparatuses 

2 0 NE1 and NE2, as mentioned above, it interchanges the 

paths and deletes the information. As a result of this, 
the path setting information becomes as shown in <5> of 
FIG* 14C. 

[0061] Note that the case is shown where there is an 
25 idle work channel between the transmission apparatuses 
NE4 and NE3 and a channel on the protection channel is 
switched to an idle work channel. At this time, when 
there is no idle work channel, the transmission apparatus 
searches for an idle work channel in the opposite NE4 -» 

3 0 NE1 -* NE2 -> NE3 direction in the ascending order of the 

channels- When it detects an idle work channel, it 
interchanges the path with the work channel in the NE4 

NE1 -» NE2 -» NE3 direction. 

[0062] when all of the protection channels have 
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finished being interchanged, the transmission apparatus 
NE1 returns the BLSR update state to the idle state and 
sends BLSR update completion messages to the other 
transmission apparatuses NE2 to NE4 . The transmission 
apparatuses NE2 to NE4 also return the BLSR update state 
to the idle state. Due to this, it is possible to operate 
under the BLSR mode. 

[0063] That is, as shown in FIG. 16A, the transmission 
apparatus NE1 sends the transmission apparatuses NE2 to 
NE4 BLSR update completion messages each added with the 
sending node ID and receiving node IDs. Due to this, the 
transmission apparatuses NE1 to NE4 shift from the BLSR 
update execution state shifted to, at FIGS. 11A and 11B, 
to the initial idle state, at FIG. 10. Further, as shown 
in FIG. 16B, when receiving response messages including 
OK messages from other transmission apparatuses NE2 to 
NE4, the transmission apparatus NE1 notifies the user 
(operator) of the completion of BLSR update. 
[0064] As mentioned above, in the process of changing 
from an operating state of the UPSR mode to an operating 
state of the BLSR mode in a ring network, the processing 
including the path interchange can be executed by the 
master transmission apparatus. It should be understood 
that the present invention is not limited to the 
disclosed embodiments but able to apply some 
modifications thereto depending on the number of the 
transmission apparatuses etc. 

[0065] Summarizing the effects of the invention, as 
explained above, the present invention inputs commands 
for having a transmission apparatus designated as a 
master apparatus sequentially execute a routine for 
switching from a working state of the UPSR mode to a 
working state of the BLSR mode in a ring network 
comprised of a plurality of transmission apparatuses 
connected in the form of a ring by a transmission line. 
Due to this, the load on the operator is remarkably 
lightened and the time required for switching can be 
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shortened. Further, since the path setting information of 
each transmission apparatus is sent as a response message 
to the master transmission apparatus in accordance with a 
path information request message from the master 
5 transmission apparatus and the collected path setting 

information is stored in the path management database, it 
is possible to collect the newest path setting 
information of the transmission apparatuses. Therefore, 
there is the advantage that it is possible to execute 

10 processing such as path interchange while recognizing the 
state of path settings. Note that it may also be 
considered to download to the transmission apparatuses 
the path setting information of the network from a higher 
network monitoring apparatus etc. such as a higher 

15 operating system (Ops). If doing this, however, since the 
download time is relatively long, this is insufficiently 
fast. Further, the path setting information given to the 
transmission apparatuses would not necessarily be the 
latest path setting information. According to the present 

2 0 invention, however, it is possible to collect the newest 

path setting information quickly. 

[0066] Further, since data continues to be transmitted 
in the process of the switching, it is possible to 
shorten the period during which there is no path 
25 redundancy in the process of deleting a long path or 

changing a path on the protection channel to an idle work 
channel. Therefore, it is possible to maintain the 
reliability of the ring network in the process of 
switching. Further, since a request message or response 

3 0 message is sent using overhead of the transmission frame 

transferred over the transmission line, there is no 
increase in the processing load in the transmission 
apparatuses and it is possible to sequentially execute 
the processing for deleting the path setting information 
35 of a long path or changing a path remaining on a 

protection channel to a work channel in accordance with 
the switching routine without decision of an operator. 
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[0067] While the invention has been described with 
reference to specific embodiments chosen for purpose of 
illustration, it should be apparent that numerous 
modifications could be made thereto by those skilled in 
5 the art without departing from the basic concept and 
scope of the invention. 

[0068] The present disclosure relates to subject 
matter contained in Japanese Patent Application No. 2001- 
109453, filed on April 9, 2001, the disclosure of which 
10 is expressly incorporated herein by reference in its 
entirety. 
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